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In this study, a numerical analysis on the impact response of HHA (High Hardness Armor Plate) sequences under a 7.62
mm projectile impact was performed to obtain the fundamental design data for a combat-vehicle platform. Recently, the
ballistic-protection levels for combat vehicles have increased, and ballistic-protection designs should now be able to deflect
multi-hit projectiles. To study the ballistic-impact characteristics, armor-plate sequences of one or two layers with a gap of 0
mm to 2 mm between the front and rear plate were defined under the same weight and thickness. For the certification of
the reliability of the numerical model, ballistic tests and an analysis of the single plate under the 7.62 mm projectile impact
were performed and analyzed. On the basis of a valid numerical model, a numerical analysis was performed and analyzed.
Lastly, it was proved that the performances of the two-layer sequence with the 2 mm gap regarding the impact-response
acceleration, deflection efficiency, and penetration depth are the highest.
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Table 1 Material properties of armor plate

Armor Hardness P o, Ouuis E G v
plate (HB) (kgm?®) (MPa) (MPa) (GPa) (GPa)
S00HB 480-530 7850 1250 1375500_ 206 80 03

Table 2 Johnson-Cook model constants of armor plate

Armor Strain hardening Strain rate hardening
plate 4 (MPa) B (MPa) N c &G
500 HB 1470 702 0.199 0.0054 1.0
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Table 3 Johnson-Cook model constants of projectile

Projectile Strain hardening Strain rate hardening
components 4 (MPa) B (MPa) N C & ()
Steel core 1900 1100 0.065 0.05 0.001

Jacket (Brass) 90 292 0.31 0.025 1
Cap (Lead) 24 300 1 0.1 0.0005

Table 4 Temperature constants and Johnson-Cook fracture constants
of material

Projectile
500 HB

Material constants
Core  Jacket Cap

C,(Jkg'KY) 477 386 124 450

Temperature 1 (K) 300 300 300 300
constants T, (K) 1800 1356 760 1800
m 1 1.09 1 1
D, - 0.54 - 0.1
D, - 4.89 ] 0.4
Jcirif:ssre D; - -3.03 - 13
D, - 0014 - 0.05
Ds - 1.12 ] 0

Table 5 Mie-Gruneisen EOS constants
Material Cc(mS" 81 2083 ¥ a
Core 4570  1.49 0 0 193 05

AP . Jacket 3940  1.49 0 0 199 0
projectile

Cap - - - - - -

500 HB 4570  1.73 0 0 1.67 -
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Fig. 1 The general schematic diagram of ballistic test
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Fig. 2 The geometry of 7.62 mm projectile
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Table 6 Dimensions of projectile’s components
Component Dimension
1 (mm) Ainax (Mm) m (g)
Jacket (Brass) 349 7.9 44
Bracket (Brass) 4.0 6.2 0.4
Core (Steel) 27.6 6.1 5.0
Cap (Lead) 9.3 5.1 0.7

Table 7 Test results under projectile velocity
Test No.
1 Measurement error
1.000 (Standard)
1.027
1.059
1.025
1.063

Increase rate of velocity

AN || W

Fig. 3 Results of ballistic experiment (Whole)

i 150.0mm
7.62mm projectile Symmetry plane |[«———

\‘ 500HB armor plate \
W,

Left view

Right view

300.0mm

Top view

Fig. 4 Finite element model for ballistic analysis and boundary
condition
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The rate of Results
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velocity Test Analysis penetration
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error No performance Protection
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1.025 Protection
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Fig. 5 Results of test and analysis (Details)
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Table 8 Ballistic analysis models (unit : mm)

Two layers with 0 mm gap Two layers with 1 mm gap

' ! 110

Front plate : 300 x 300 x 6.35 Front plate : 300 x 300 x 6.35
Rear plate : 300 x 300 x 6.35 rear plate : 300 x 300 x 6.35

Two layers with 2 mm gap One layer

! 2.0 !

Front plate : 300 x 300 x 6.35 One plate : 300 x 300 x 12.7
Rear plate : 300 x 300 x 6.35

Impacting : 7.62 mm projectile, Plate : 500 HB armor plate

Table 9 Impacting projectile velocity of 4 cases
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Two layers with 0 mm gap Two layers with 1 mm gap

7.62mm front plate
projectile "y

4

Two layers Two layers

rear plate

Two layers with 2 mm gap One layer

No. Projectile velocity (m/s)
1 900
2 950
3 1000
4 1050 Fig. 6 Finite element models for ballistic analysis
Projectile | 1y layers with | Two layers with | Two layers with
velocity One layer
0 mm gap 1 mm gap 2 mm gap
(m/s)
P,=7.616 mm P4=6.302 mm P;=4.985 mm Py=6.349 mm
Py=7.624 mm Py=6.622 mm P4=5.620 mm
1000 ,
Py Py=6.944 mm Py=5.939 mm P,=7.938 mm
1050 v '
P4=7.576 mm Py=6.891 mm Py=8256 mm

Fig. 7 Penetration depth of analysis results
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Fig. 9 Measuring point of armor plate for acceleration and deflection
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Table 10 Peak acceleration values of each case according to increase
of projectile velocity

Peak acceleration x 10°(g) (Average of a, b position)

Projectile
velocity Two layers Two layers  Two layers
(m/s) withOmm  with I mm with2 mm  One layer
gap gap gap
900 22 1.2 0.8 33
950 2.5 1.2 1.1 3.7
1000 2.7 1.5 1.5 3.8
1050 3.7 1.9 1.8 4.1
010 —Two layers with Omm gap
j - - - -Two layers with 1mm gap
0,05 ------Two layers with 2mm gap
i /J \ | o One layer
0.00 4 Efr e
E 005
E |
=
S -010
kst
8 |
© 0.5
© 4
0.20
0.25
-0.30 ¥ T X T ¥ T ¥ T T
0.0 1.0x10* 2.0x10* 3.0x10* 40x10* 5.0x10*

Time(s)

Fig. 10 Deflection graph (Projectile velocity-900 m/s)
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Fig. 12 Deflection graph (Projectile velocity-1000 m/s)
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Fig. 13 Deflection graph (Projectile velocity-1050 m/s)
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Table 11 Maximum deflection values of each case according to
increase of projectile velocity

Max. deflection x 10 (mm)

Projectile

velocity Two layers  Two layers  Two layers
(m/s) withOmm with 1l mm with2mm  One layer

gap gap gap

900 26.67 0.94 0.54 16.23
950 35.82 223 2.00 18.22
1000 36.08 3.51 4.15 21.27
1050 45.66 6.93 4.76 22.54
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